OBJECTIVES: To observe the evolution of intraabdominal adipose tissue (IAT) in obese prepubertal children, who did not change their degree of obesity during adolescence and to evaluate its relationship with metabolic risk indexes (RI). DESIGN: Longitudinal study of 16 obese adolescents (eight male and eight female) in whom relative body weight (RBW) did not change signi®cantly and pubertal development was completed during the study period. MEASUREMENTS: Magnetic resonance imaging (MRI) scan at lumbar level (L4) three times during a 4 y period. At basal and at four years biochemical assays for metabolic indexes. RESULTS: IAT did not differ signi®cantly over the three measurement times and showed signi®cant correlations between ®rst and second (r 0.66, P`0.005), ®rst and third (r 0.61, P`0.01) and second and third values (r 0.84, P`0.0001). Subcutaneous adipose tissue (SAT) increased signi®cantly from basal to third evaluation (P`0.002). At baseline, IAT correlated signi®cantly with lipids (total and LDL cholesterol r 0.72, P`0.004), while at the end of the study, IAT correlated positively with insulin (fasting insulin r 0.55, P`0.008, insulin area after oral glucose tolerance test (OGTT) r 0.60, P`0.03, fasting insulinaglucose r 0.67 P`0.006) and negatively with high density lipoprotein (HDL) cholesterol (r 7 0.55, P`0.04). CONCLUSIONS: Obesity achieved before puberty, and stable during adolescence, showed a relatively stable amount of IAT. In post pubertal children the relationship of IAT to clinically signi®cant risk factors resemble the pattern in obese adults.
Introduction
Abdominal fat has been identi®ed as one of the major risk factors for cardiovascular disease (CVO). 1, 2 This association has been clearly shown in obese adults by using accurate imaging techniques like computed tomography (CT) or magnetic resonance imaging (MRI). 3 ± 5 The few available studies of children, documented signi®cantly smaller visceral adipose tissue depots, relative to adult values. 6, 7 Nevertheless, visceral fat is related to metabolic risk indexes (RI) during childhood. 8 ± 10 It is still unclear, however, what is the natural time course of abdominal fat deposition through adolescence, and the persistence of any relationship of visceral fat with RI. Longitudinal surveys on visceral fat are still lacking and no reports have described fat depot changes during adolescence. This age period seems particularly intriguing, due to the particular hormonal pattern and the growth spurt which might in¯uence the amount and distribution of fat. Previous cross-sectional reports on total body fat, documented an increase during adolescence, which is particularly evident in girls. Females show an increase in subcutaneous fat at the gluteo-femoral level, directly related to pubertal progression 7 ; similar data for males are not available. The aims of our study were: 1) to verify the natural history of fat distribution during adolescence in obese subjects, by monitoring abdominal fat depots using MRI and 2) to evaluate its correlation with metabolic RI.
Patients
A cohort of 21 obese subjects was recruited. Two of them dropped out and another three subjects lost weight signi®cantly during the study period. We present data of the remaining 16 obese adolescents (eight male and eight female), whose relative body weight (RBW) did not show signi®cant variation during the study. They were studied by MRI three times, with an interval time of 26AE 7 months (about two years) between ®rst and second measurements and 45 AE 2 months (about four years) between ®rst and third measurements, Lipid and glucoseainsulin pro®les were evaluated at baseline and at the end of the study. Patients were classi®ed as obese, due to overnutrition, without any other disease, with moderate to severe overweight (RBW b 130% according to Tanner and Whitehonse 11 ). Obesity began before the age of 8 y in all subjects. Patients and parents received adequate information to obtain an informed consent; the study was approved by the Hospital Ethical Committee. After the basal clinical, anthropometric and imaging evaluation, they received adequate dietary counselling, consisting of a balanced hypo caloric diet (1200 kcal with 14% protein, 28% fat, 58% carbohydrate) and entered a follow up program in the outpatients clinic, with a check of their RBW every three months. Clinical characteristics of the study population at baseline are shown in Table 1 . Sexual maturation was determined by visual assessment of secondary sex characteristics during physical examination, according to the method of Tanner and Whitehonse
11
; the ratings for sexual maturation ranged from 1 (no development) to 5 (complete development), according to the stages of female breast and male genitalia development and pubic hair for both genders. At the ®rst measurement, four children were prepubertal and six showed Tanner stage 2; at the second measurement only two subjects were in stage 2, while at the third examination all had completed pubertal development. All subjects showed normal time course for puberty.
Methods

Anthropometry
Weight was recorded by an electric scale; height was measured at the nearest mm using an Harpenden stadiometer. RBW was calculated using Tanner growth charts as weightaweight for height Â 100; body mass index (BMI) was calculated as weight (kg)aheight 2 (m 2 ).
MRI
A super conducting unit operating at 0.5 Tesla was used (MRT-50 A, Toshiba, Tokyo). Spin-echo (SE) T1 weighted (TR 500; TE 20) images were acquired in all cases. The same trained operator performed all scans and analyses. Adipose tissue (AT) areas were de®ned using a manual trackball technique. Computed calculation for each manually de®ned area was then performed. MRI scans were taken at the lumbar (L4) level, corresponding to the umbilicus. Subcutaneous adipose tissue area (SAT) was de®ned as the MRI fat signal between the skin and abdominal muscle walls and intraabdominal adipose tissue (IAT) area as all the MRI fat signals from intraperitoneal, mesenteric and omental depots. Intraobserver coef®cient of variation was 6% for SAT and 7% for IAT throughout the study, as previously described. 8 Neither fasting nor sedation were required for MRI study.
Biochemical assays
At the basal and last evaluation, after 12 h fasting, blood samples were taken for total and HDL cholesterol and triglycerides, measured as described previously. 12 ± 14 Low density lipoprotein (LDL) cholesterol was derived from the Friedwald et al formula. 15 Glucose and insulin response to an oral glucose load (1.75 gakg body weight, maximum dose 75 g) were evaluated by the glucose oxidase method and speci®c radioimmunoassay (RIA).
Statistics
Student t test for paired data and ANOVA for repeated measures, were used when appropriate (Scheffe test was used as a post hoc test). The variability of individual IAT measurements during the follow up, was determined using IAT CV (s.d.amean) for each patient. Correlations between IAT and biochemical values as well as within IAT measures were evaluated using simple regression analysis. All statistics were assessed using Macintosh Statview package. , respectively) ( Figure 1) ; individual mean CV of the three measures ranged from 0.09 to 0.52; individual data on IAT and CV results are shown in Table 2 . IAT was not different between males and females at each measure ( Figure 2) . We found signi®cant correlations between IAT measures (®rst and second measurements r 0.66, P`0.005, ®rst and third r 0.61, P`0.01, second and third r 0.84, P`0.0001, Figure 1 ). Metabolic RI did not change signi®cantly between the two measurements (Table 3 ). IAT correlations Persistance of obesity into adolescence P Brambilla et al with metabolic RI are reported in Table 3 . A signi®-cant correlation was found for total and LDL cholesterol (r 0.75 P`0.002) at basal evaluation, but not at the last. HDL cholesterol showed a signi®cant negative correlation with IAT only at the last evaluation (r 7 0.55, P`0.04). At the ®nal y measurement time, IAT correlated with fasting insulin (r 0.55, P 0.008, Figure 3 ), insulin area after the oral glucose tolerance test (OGTT) (r 0.60, P`0.03) and fasting insulinaglucose (r 0.67, P 0.006, Figure 3 ) (Table 4) .
Results
BMI
Discussion
Obesity is a peculiar feature of modern society and an increasing phenomenon during childhood and adolescence. 16 Unfortunately, the failure of dietary counsel- Persistance of obesity into adolescence P Brambilla et al ling in the treatment of over-nutrition is all too common. This leads to the persistence of obesity from adolescence to adulthood and the well-known increased incidence of CVDs. 17, 18 Our study was designed to de®ne the adiposity pattern during adolescence in a population whose ponderal excess apparently remained constant as indicated by an unmodi®ed RBW during the study period. BMI increase was explained by physiological pubertal growth; in fact, BMI centiles show progressively increasing values up to the age of 16 y in females and 18 y in males. 19 Unfortunately, as we did not measure total body fat, we could not verify its variation and any possible relationship with SAT increase shown in our population.
This subgroup was part of a previously published MRI study, who agreed to be re-examined periodically. As we described previously, 8 and according to other authors, 6, 7, 20 intraabdominal adiposity in children and adolescents appears to be lower when compared with adults. Our patients showed IAT values consistently under the risk value of 130 cm 2 , identi®ed as a relevant fat depot for clinical consequences. 21, 22 Our data suggest that a lower potential threshold for increased metabolic risk could be considered during adolescence. 8 The follow up study indicated that IAT remains quite constant over the four year period; nevertheless individual variation in IAT was wide (15 ± 100 cm 2 ). These two observations suggest a genetically determined in¯uence on intra abdominal adiposity, as described in twin studies. 23, 24 SAT showed a different trend with a progressive increase over time. As our study population maintained a similar ponderal excess and probably did not change dietary habits, the increase of SAT seems to be in¯uenced by environmental, more than genetic, factors: each subject seems to have at this age a genetically determined amount of IAT and the possibility to store SAT following excessive caloric intake and hormonal changes. The relatively stable amount of IAT suggests that obesity achieved before puberty does not in¯uence visceral fat depots through adolescence. The correlations of IAT with metabolic RI appear contradictory, as they completely changed from the ®rst to the last evaluation; it is surprising that none of the correlations found at baseline was con®rmed at the last examination. In fact the ®rst results showed a relationship between visceral depots and lipids, while after four years, insulin showed the strongest association with IAT. It should be noted that at baseline evaluation, diet was free, while afterwards patients received dietary counselling and we cannot exclude a reduction in cholesterol intake. Also the negative correlation with HDL-cholesterol was achieved after puberty. This ®nding suggests a different hypothesis. The clinical signi®cance of moderately raised IAT remains controversial during childhood and adolescence 25 and other follow up studies of IAT modi®cations have not been available until now. The majority of our subjects were prepubertal or in the early stages of pubertal development at the ®rst evaluation and they completed their sexual development at the last measurement. Changes due to pubertal development then lead to a metabolic situation similar to adults in spite of lower fat depots; in fact insulin metabolism has been described to be clearly affected by obesity in children 26, 27 and related to IAT. 9 It is well-known that puberty causes a transient reduction in insulin sensitivity in normal subjects. 28, 29 At the last evaluation, our subjects had completed pubertal development and therefore this confounding effect was lost. IAT seems to act differently at different ages. Before puberty, IAT is not related to insulin glucose metabolism, while after complete pubertal development, the same amount of IAT shows a positive correlation with insulin glucose metabolism. In other words, the clinical signi®cance of IAT seems to change with age as the known link between insulin glucose metabolism and IAT is only established after puberty (effect of sex hormones). To clarify the role of IAT in the pathogenesis of CVD, 
